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(54) REPLACEMENT SPRING MAGNET AND ITS MANUFACTURING 
METHOD 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a bulked replacement spring magnet 
and its manufacturing method, and a motor, a sensor or the like with the 
replacement spring magnet without damaging magnet characteristics. 
SOLUTION: The bulked replacement spring magnet has a structure, wherein raw 
powder is made dense, and boron atom and oxygen atom cohere among grains 
of the dense raw powder, and comprises a permanent magnet phase and a soft 
magnetic phase. Magnet material composition formula is NdxFe100-x-yBy 
wherein x=4 to 1 1 , y=3 to 8 or x=7.5 to 10.5, y=5.5 to 7.5. The ratio of 
concentration of boron atom among dense raw powder grains to concentration of 
boron atom inside raw powder grain (intergranular concentration/intragranular 
concentration) is at least 1 .2. The ratio of concentration of oxygen atom among 
the dense raw powder grains to concentration of oxygen atom inside raw powder 
grain (intergranular concentration/ intragranular concentration) is at least 1.2. 
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CLAIMS 



[Claim(s)] 

[Claim 1] The bulk exchange spring magnet which comes to contain the 
permanent magnet phase and soft magnetism phase which have the structure 
which came to carry out eburnation of the raw material powder, and the boron 
atom and the oxygen atom condensed between the particles of said raw material 
powder by which eburnation was carried out. 



[Claim 2] The bulk exchange spring magnet according to claim 1 which a magnet 
ingredient empirical formula is NdxFe100-x-yBy, and is characterized by being 
x=4-11 and y=3-8. 

[Claim 3] The bulk exchange spring magnet according to claim 1 which a magnet 
ingredient empirical formula is NdxFe100-x-yBy, and is characterized by being 
x=7.5-10.5and y=5.5-7.5. 

[Claim 4] The ratio (concentration between particles / interior concentration of a 
particle) of the concentration of the boron atom between the particles of said raw 
material powder to the concentration of the boron atom in the interior of the 
particle of said raw material powder by which eburnation was carried out by 
which eburnation was carried out or more by 1.2 A bulk exchange spring magnet 
given in any 1 term of claims 1-3 characterized by the ratio (concentration 
between particles / interior concentration of a particle) of the concentration of the 
oxygen atom between the particles of said raw material powder to the 
concentration of the oxygen atom in the interior of the particle of said raw 
material powder by which eburnation was carried out by which eburnation was 
carried out being 1 .2 or more. 

[Claim 5] A bulk exchange spring magnet given in any 1 term of claims 1-4 
characterized by the thickness of the part which the boron atom and the oxygen 
atom condensed between the particles of said raw material powder by which 
eburnation was carried out being 65nm or more. 

[Claim 6] A bulk exchange spring magnet given in any 1 term according to claim 
1 to 5 characterized by the particle size of said raw material powder being 20-500 
micrometers. 

[Claim 7] A bulk exchange spring magnet given in any 1 term of claims 1-5 
characterized by the particle size of said raw material powder being 80-200 
micrometers. 

[Claim 8] The manufacture approach of a bulk exchange spring magnet given in 
any 1 term including the phase which compresses raw material powder by 
pressure 300-1 200MPa, the phase which carries out a temperature rise to the 



retention temperature of 550-800 degrees C in the condition of having 
pressurized by said pressure, by 25 degrees C to the programming rate of 5-40 
degrees C / min, and the phase of carrying out 0.01-10min maintenance with 
said retention temperature, and carrying out eburnation of said raw material 
powder of claims 1-7. 

[Claim 9] The manufacture approach of a bulk exchange spring magnet given in 
any 1 term including the phase which compresses raw material powder by 
pressure 500-1 200MPa, the phase which carries out a temperature rise to the 
retention temperature of 650-700 degrees C by 25 degrees C to the 
programming rate of 10-25 degrees C / min where said pressure is pressurized, 
and the phase which carries out 0.01 -3min maintenance with said retention 
temperature, and sinters said raw material powder of claims 1-7. 
[Claim 10] Said raw material powder is the manufacture approach of the bulk 
exchange spring magnet according to claim 8 or 9 characterized by being the 
quenching thin band produced by the roll peripheral velocity 10-60 m/sec. 
[Claim 1 1] Said raw material powder is the manufacture approach of the bulk 
exchange spring magnet according to claim 8 or 9 characterized by being the 
quenching thin band produced by the roll peripheral velocity 15-35 m/sec. 
[Claim 12] The pressure of the phase which sinters said raw material powder is 
the manufacture approach of a bulk exchange spring magnet given in any 1 term 
of claims 8-11 characterized by being 1x1 0-4-9. 5Pa. 

[Claim 13] The pressure of the phase which sinters said raw material powder is 
the manufacture approach of a bulk exchange spring magnet given in any 1 term 
of claims 8-1 1 characterized by being 2>:10-4-3Pa. 

[Claim 14] The motor which comes to use the bulk exchange spring magnet of a 
publication for any 1 term of claims 1-7, a field sensor, a rotation sensor, an 
acceleration sensor, or a torque sensor. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the bulk exchange spring magnet 
whose magnetism of a property improved in more detail about the high power 
magnet ingredient which can be used suitable for a motor, a field sensor, a 
rotation sensor, an acceleration sensor, a torque sensor, etc. 
[0002] 

[Description of the Prior Art] Since the magnetic dipole of an element is equal to 
the one direction, a permanent magnet means the thing in the condition of not 
changing ideally which cannot change easily due to an external magnetic field, 
and its saturation magnetization is large and it serves as an ingredient excellent 
in the ingredient which a demagnetization curve shows a square shape. However, 
as for a magnetization condition, any magnet ingredients change all over a 
strong magnetic field. 

[0003] As a permanent magnet, the ferrite magnet [ that it is stable and low cost ] 
and the highly efficient rare earth system magnet are put in practical use 
chemically. However, also in the neodymium magnet which has the highest 
engine performance among these permanent magnets put in practical use, 50 
megagauss oersted (MGOe) extent of the maximum energy product which shows 



magnetic strength is a limitation. 

[0004] Although it will finally become the a large number problem of atomic level 
and the Avogadro's number if a magnetic organization is divided minutely, it is 
not microscopic and there is such a thing for which an atom cooperates on a 
macro and micro middle level, and a special function is produced. This staging 
area is called a meso-scopic field or nano field. The exchange spring magnet 
was developed based on this concept, and it is the magnet with which a high 
energy product is obtained because the soft magnetism phase (software phase) 
which consists of a permanent magnet phase (hard phase) which consists of an 
ingredient of high coercive force, and an ingredient of high flux density joins 
together magnetically by the exchange interaction. 

[0005] The structure of an exchange spring magnet has the thing to which the 
laminating of the thin film of a hard phase and a software phase was carried out, 
or the common thing which distributed the particle of a software phase in the 
substrate of a hard phase, and is called nano composite structure. If [ macro-/ 
such a laminating or distribution ], the demagnetization curve which serves as 
coexistence of a mere hard phase and a mere software phase, and shows 
magnetic magnetism only serves as a snake mold. However, magnetization of a 
software phase is strongly restrained by magnetization of a hard phase as a 
laminating or distribution is a nano field, and it acts as if the whole was one hard 
phase. That is, when the demagnetizing space of a negative direction is applied 
to the exchange spring magnet to which magnetization is equal, magnetic 
reversal begins from the middle of a software phase, and since exchange force is 
strong, it becomes equal to as in the forward direction near the magnetic domain 
wall of a software phase and a hard phase. If the demagnetizing space applied in 
this condition is lost, it will return along with a demagnetization curve. Since this 
operation is similar to the spring operation, it is called the exchange spring 
magnet. In addition, since the principle is based on the exchange interaction, 
exchange is the display adopted as an initial. 

[0006] For example, the easy direction of magnetization of a hard phase is equal 



to the one direction, and the ferromagnetic composite to which the laminating of 
a hard phase and the software phase is carried out by turns is considered. If a 
demagnetizing field is impressed in the negative direction after saturating this 
composite magnetically in the forward direction, magnetization will be reversed in 
the center section of the software phase first. In the boundary section, since the 
sense is bound to the sense of magnetization of a hard phase by the exchange 
interaction with the magnetic moment of a hard phase, it is hard to be reversed. 
In the boundary section, the magnetic moment of a hard phase has an 
impression magnetic field slightly smaller than the field to which magnetization of 
a hard phase reverses the sense irreversibly although it is a frog, and if an 
impression magnetic field is returned to zero, it will change the springback of the 
system into the original condition. If an impression magnetic field kicks greatly 
rather than the field which magnetization of a hard phase reverses irreversibly, 
magnetization of the whole system is also reversed irreversibly and a system will 
be in the condition of having been saturated in the negative direction. 
[0007] Generally magnetization of the compound used as the main phase has 
restricted the limitation of the magnetic maximum magnetic energy product. It is 
shown that a nano composite magnet exceeds theoretically the limitation of the 
magnetic engine performance by which current utilization is carried out, and the 
theoretical value of the maximum energy product of anisotropy multilayers 
exceeds 120MGOe(s) (9.6 MJ/m3). 

[0008] For such a reason, the exchange spring magnet attracts attention as a 
new magnet ingredient. Development is mainly furthered about the presentation 
system which this exchange spring magnet made the hard phase the Nd-Fe-B 
system, the Sm-Fe-N system, etc., and made the software phase Fe, Fe-B, Fe- 
Co, etc., by repeating a crystallization process an amorphous chemically- 
modified degree to JP,2000-208313,A, it is more detailed and the technique of 
obtaining the anisotropy exchange spring magnet powder excellent in the magnet 
property is indicated. 

[0009] Although an exchange spring magnet can have an above very high 



maximum energy product, since it was necessary to maintain the detailed 
diameter of crystal grain, it was difficult to realize a full DENSU magnet. That is, 
the conventional sintering temperature is 1000 degrees C or more, and by 
sintering in such an elevated temperature, crystal grain makes it big and rough, 
and it is remarkable. [ of degradation of a magnet property ] Therefore, the 
application as the so-called bond magnet (called plastic magnet, a plastic magnet, 
and a flexible magnet) of mixing exchange spring magnet powder with resin or 
rubber now, and carrying out shaping solidification is considered. 
[0010] However, though natural, since the consistency of such a bond magnet 
serves as a value quite lower than the theoretical density of raw material powder, 
the maximum energy product has not attained to far the property expected from 
the case where raw material powder is formed into full DENSU. That is, since a 
magnetic energy product falls in proportion to the square of pack density, an 
energy product will fall to 25% that a powder filling factor is 50% compared with a 
bulk magnet. 
[0011] 

[Problem(s) to be Solved by the Invention] This invention is made in view of such 
a situation, and it aims at having been bulk-ized, namely, offering the exchange 
spring magnet which has a consistency near the theoretical density of raw 
material powder, without spoiling a magnet property. 

[0012] Moreover, it aims at offering the approach of manufacturing the exchange 

spring magnet which has the above-mentioned property in low temperature or a 

short time, to the conventional sintering conditions. 

[0013] Furthermore, it aims at offering the motor using the exchange spring 

magnet which has the above-mentioned property, a magnetization sensor, a 

rotation sensor, an acceleration sensor, and a torque sensor. 

[0014] 

[Means for Solving the Problem] This invention which attains the above- 
mentioned purpose is constituted as follows for every claim. 
[0015] Invention according to claim 1 is a bulk exchange spring magnet which 



comes to contain the permanent magnet phase and soft magnetism phase which 
have the structure which came to carry out eburnation of the raw material powder, 
and the boron atom and the oxygen atom condensed between the particles of 
said raw material powder by which eburnation was carried out 
[0016] Invention according to claim 2 is a bulk exchange spring magnet 
according to claim 1 characterized by for a magnet ingredient empirical formula 
being NdxFe100-x-yBy, and being x=4-1 1 and y=3-8. 
[0017] Invention according to claim 3 is a bulk exchange spring magnet 
according to claim 1 characterized by for a magnet ingredient empirical formula 
being NdxFe100-x-yBy, and being x=7.5-10.5 and y=5. 5-7.5. 
[0018] The ratio (concentration between particles / interior concentration of a 
particle) of the concentration of the boron atom between the particles of said raw 
material powder to the concentration of a boron atom [ in / in invention according 
to claim 4 / the interior of the particle of said raw material powder by which 
eburnation was carried out ] by which eburnation was carried out is 1.2 or more. 
Inside the particle of said raw material powder by which eburnation was carried 
out It is a bulk exchange spring magnet given in any 1 term of claims 1-3 
characterized by the ratio (concentration between particles / interior 
concentration of a particle) of the concentration of the oxygen atom between the 
particles of said raw material powder to the concentration of the oxygen atom 
which can be set by which eburnation was carried out being 1 .2 or more. 
[0019] Invention according to claim 5 is a bulk exchange spring magnet given in 
any 1 term of claims 1-4 characterized by the thickness of the part which the 
boron atom and the oxygen atom condensed between the particles of said raw 
material powder by which eburnation was carried out being 65nm or more. 
[0020] Invention according to claim 6 is a bulk exchange spring magnet given in 
any 1 term according to claim 1 to 5 characterized by the particle size of said raw 
material powder being 20-500 micrometers. 

[0021] Invention according to claim 7 is a bulk exchange spring magnet given in 
any 1 term of claims 1-5 characterized by the particle size of said raw material 



powder being 80-200 micrometers. 

[0022] Invention according to claim 8 is in the phase which compresses raw 
material powder by pressure 300-1 200MPa, and the condition pressurized by 
said pressure. The phase which carries out a temperature rise to the retention 
temperature of 550-800 degrees C by 25 degrees C to the programming rate of 
5-40 degrees C / min, It is the manufacture approach of a bulk exchange spring 
magnet given in any 1 term including the phase of carrying out 0.01-10min 
maintenance with said retention temperature, and carrying out eburnation of said 
raw material powder of claims 1-7. 

[0023] Invention according to claim 9 is in the phase which compresses raw 
material powder by pressure 500-1 200MPa, and the condition which pressurized 
said pressure. The phase which carries out a temperature rise to the retention 
temperature of 650-700 degrees C by 25 degrees C to the programming rate of 
10-25 degrees C / min, It is the manufacture approach of a bulk exchange spring 
magnet given in any 1 term of claims 1-7 which carries out 0.01 -3min 
maintenance with said retention temperature, and includes the phase which 
sinters said raw material powder. 

[0024] Invention according to claim 10 is the manufacture approach of the bulk 
exchange spring magnet according to claim 8 or 9 characterized by said raw 
material powder being the quenching thin band produced by the roll peripheral 
velocity 10-60 m/sec. 

[0025] Invention according to claim 11 is the manufacture approach of the bulk 
exchange spring magnet according to claim 8 or 9 characterized by said raw 
material powder being the quenching thin band produced by the roll peripheral 
velocity 15-35 m/sec. 

[0026] The pressure of the phase where invention according to claim 12 sinters 
said raw material powder is the manufacture approach of a bulk exchange spring 
magnet given in any 1 term of claims 8-11 characterized by being 1x10-4-9.5Pa. 
[0027] The pressure of the phase where invention according to claim 13 sinters 
said raw material powder is the manufacture approach of a bulk exchange spring 



magnet given in any 1 term of claims 8-1 1 characterized by being 2x10-4-3Pa. 
[0028] Invention according to claim 14 is the motor which comes to use the bulk 
exchange spring magnet of a publication for any 1 term of claims 1-7, a field 
sensor, a rotation sensor, an acceleration sensor, or a torque sensor. 
[0029] 

[Effect of the Invention] According to this invention constituted as mentioned 
above, the following effectiveness is done so for every claim. 
[0030] If it is in invention according to claim 1, by having structure which boron 
and oxygen condensed between raw material powder, sintering becomes 
possible in low temperature or a short time, and big and rough-ization of crystal 
grain can be controlled. Consequently, it became possible to realize a good 
magnet property (the maximum energy density) in the bulk exchange spring 
magnet near the theoretical density of raw material powder. 
[0031] If it is in invention given in claims 2 and 3, since magnetic coercive force 
and flux density are realized by the balance of the rate of a hard phase and a 
software phase on high level, the bulk exchange spring magnet of high 
performance is obtained. 

[0032] If it is in invention according to claim 4, the bulk exchange spring magnet 
of high performance whose crystal growth depressor effect between particles the 
thermal stability of the compound between particles was maintained, and whose 
eburnation of a bulk exchange spring magnet improved, and improved can be 
obtained. 

[0033] If it is in invention according to claim 5, eburnation is promoted and a 
highly efficient bulk exchange spring magnet is obtained. 
[0034] If it is in invention given in claims 6 and 7, surface area increase of raw 
material powder can be controlled, and a magnet property can be raised, and a 
raw material filling factor is raised, and the bulk exchange spring magnet of high 
density can be obtained. 

[0035] If it is in invention given in claims 8 and 9, the bulk exchange spring 
magnet which has the effectiveness of claims 1-7 can be obtained. 



[0036] If it is in invention given in claims 10 and 11, the bulk exchange spring 
magnet of high performance can be obtained more by specifying the raw material 
powder approach. 

[0037] If it is in invention given in claims 12 and 13, the oxygen of an initial 
complement is supplied, the eburnation of a bulk object and the crystal growth 
depressor effect between particles improve, oxidation of the magnet powder itself 
can be controlled and a magnet property improves. 

[0038] If it is in invention according to claim 14, the various products using the 
bulk exchange spring magnet which has the effectiveness of claims 1-7 can be 
obtained. 
[0039] 

[Embodiment of the Invention] Hereafter, the concrete configuration of this 
invention is explained to a detail. 

[0040] Invention of the 1st of this application is a bulk exchange spring magnet 
which comes to contain the permanent magnet phase (hard phase) and soft 
magnetism phase (software phase) which have the structure which came to carry 
out eburnation of the raw material powder, and the boron atom and the oxygen 
atom condensed between the particles of said raw material powder by which 
eburnation was carried out. 

[0041] the thing in which raw material powder contains a desired element and 
which is amorphously acquired in the near condition - desirable - various kinds, 
such as a melt quenching method, the mechanical alloy method, and the 
atomizing method, - a well-known approach can be applied and grinding means, 
such as a jaw crasher and BURAUMMIRU, can be applied suitably. Among these, 
since amorphous-ization is fully made, the approach using a melt quenching 
method is one of the desirable processes in this invention. 
[0042] In addition, in this invention, "eburnation" means raising the consistency of 
raw material powder by pressurization, sintering, etc., and means the condition 
that the concentration distribution of an exchange spring magnet by which 
eburnation was carried out as compared with the concentration distribution in raw 



material powder maldistribution-izes "condensation", and it is going up about the 
predetermined element. 

[0043] As the approach of eburnation, a mold can be filled up with the raw 
material powder which has a near condition amorphously, and it can be heated 
under compression of this. By making a boron atom and an oxygen atom 
condense between raw material powder at this time, it can be intermingled as 
crystal grain with small hard phase and software phase, and the exchange spring 
magnet in the bulk condition of having a consistency near the theoretical density 
of raw material powder, with which the magnet property is not spoiled can be 
manufactured. That is, there is effectiveness which the boron atom and oxygen 
atom which exist between powder particles promote the eburnation between 
particles, in addition controls the grain growth between powder particles by 
having the magnet structure which a boron atom and an oxygen atom condense 
between powder particles in this invention. For this reason, big and rough-ization 
of the crystal grain which sintering of was attained and had become a problem in 
the conventional sintering in low temperature or a short time can be controlled to 
the conventional sintering conditions. Consequently, it became possible to realize 
a good magnet property in the bulk exchange spring magnet near powdered 
theoretical density. 

[0044] The effectiveness which controls the crystal growth of a particle compared 
with the case of only a boron atom improves by leaps and bounds by taking the 
bulk structure where coincidence was made to contain not only a boron atom but 
an oxygen atom between raw material particles especially. This is considered to 
originate in the thermal stability of a B-0 compound. Moreover, the effectiveness 
that the mechanical strength of a bulk magnet which has the structure of this 
invention improves is also accepted. 

[0045] Although handling of the powder under the oxygen already contained to 
raw material powder and the high ambient atmosphere of an oxygen density, the 
supply from the ambient atmosphere of a precise chemically-modified degree, 
etc. can be considered as a source of supply of the oxygen atom of a between 



[ the particles of the raw material powder by which eburnation was carried out ], it 
is not limited to these. However, generally, since degradation of the magnet 
property by oxidation produces a rare earth content magnet ingredient, 
installation of the oxygen atom beyond the need is not desirable. In addition, a 
boron atom can be made to contain beforehand in raw material powder. 
[0046] the phase of the permanent magnet which consists of an ingredient of 
high coercive force as the hard phase was mentioned above - it is - various 
kinds - it is possible to use a well-known ingredient and the system containing 
boron etc. is mentioned to the rare earth elements (a lanthanum, a cerium, a 
praseodymium, neodymium, samarium, a europium, a gadolinium, a terbium, a 
dysprosium, a holmium, an erbium, a thulium, an ytterbium, lutetium) which 
contain an yttrium as an example, iron and/or cobalt, and a list. 
[0047] the phase of the soft magnetism which consists of an ingredient of high 
flux density as the software phase was mentioned above - it is - various kinds - 
it is possible to use a well-known ingredient, the system which contains iron 
and/or cobalt as an example is mentioned, and the things (a Fe-B compound, Fe- 
Co compound, etc.) by which a part of alpha-Fe phase and alpha-Fe phase were 
more specifically permuted by cobalt, boron, the rare earth elements containing 
an yttrium, etc. are mentioned. 

[0048] Combination is desirable, although the combination of a hard phase and a 
software phase is theoretically selectable to arbitration, and a hard phase and 
software phase has high saturation magnetization in order to acquire high 
magnetic properties. In addition, in an exchange spring magnet, a Fe3Zr phase 
etc. may be contained as crystal phases other than a hard phase and a software 
phase. 

[0049] As a presentation of a magnet ingredient, it has a hard phase and a 
software phase in coincidence. Again Although there will be no constraint if it is 
the presentation which realizes structure which a boron atom and an oxygen 
atom condense between raw material powder When four to 1 1 atom % and B 
consist of three to 8 atom %s and the remainder consists of transition metals for 



Nd (A magnet ingredient empirical formula is specifically NdxFe100-x-yBy.) 
When it is x=4-1 1 and y=3-8, since magnetic coercive force and flux density are 
realized by the balance of the rate of a hard phase and a software phase on high 
level and the magnet of high performance is obtained, are desirable. The case 
where Nd is 7.5 to 10.5 atom %, and B is 5.5 to 7.5 atom % is more desirable 
(when a magnet ingredient empirical formula is NdxFe100-x-yBy and are 
specifically x=7.5-10.5 and y=5.5-7.5). In addition, about Nd, a part may be 
permuted by Pr and/or Dy, and although transition metals use Fe as a principal 
component, they may permute a part by Co. Moreover, in order to promote 
condensation of a boron atom and an oxygen atom and to raise a magnet 
property, it is desirable to add an element little as some transition metals. It is 
desirable to carry out 0.4-5.0 atom % extent addition of one or more kinds of 
elements chosen from the group which consists of V, Nb, Cr, Cu, Zn, and Ti as 
the optimal alloying element and an addition. In addition, analysis of the element 
concentration in a magnet ingredient can be performed by the inductively- 
coupled-plasma-atomic-emission-spectrometry method. 
[0050] The bulk exchange spring magnet of this invention contains the boron 
atom and the oxygen atom also in the particle of a bulk exchange spring magnet, 
and the difference of the boron atom concentration in a particle and oxygen atom 
concentration, and the boron atom concentration and oxygen atom concentration 
in the condensation section between particles affects a magnet property greatly. 
The ratio (concentration between particles / interior concentration of a particle) of 
the concentration of the boron atom between the particles of the raw material 
powder to the concentration of the boron atom in the interior of the particle of the 
raw material powder by which eburnation was carried out by which eburnation 
was carried out as a result of experiment examination or more by 1.2 It became 
clear that it is desirable that the ratio (concentration between particles / interior 
concentration of a particle) of the concentration of the oxygen atom between the 
particles of said raw material powder to the concentration of the oxygen atom in 
the interior of the particle of said raw material powder by which eburnation was 



carried out by which eburnation was carried out is 1.2 or more. The thermal 
stability of the compound between particles is maintained by considering as this 
range, and the eburnation of a bulk object improves. Furthermore, the crystal 
growth depressor effect between particles improves. 

[0051] In addition, the thickness of the part which the boron atom and the oxygen 
atom condensed is important for a magnet property between the particles of the 
raw material powder by which eburnation was carried out, and it is desirable that 
it is 65nm or more. Eburnation is promoted by considering as this range, and the 
consistency of the magnet after sintering improves, therefore a highly efficient 
magnet ingredient is obtained. 

[0052] As for the particle size of raw material powder, it is desirable to have the 
particle size distribution from which eburnation becomes easy. Therefore, it is 
desirable to use the powder whose particle size is 20 micrometers - 500 
micrometers. Surface area increase of raw material powder can be controlled by 
considering as this range, the effect of oxidation can be reduced, and a magnet 
property can be raised, and a raw material filling factor is raised, and the bulk 
magnet of high density can be realized. For the further eburnation promotion, it is 
desirable to use the powder whose particle size is 80-200 micrometers. In 
addition, in this invention, a powdered particle size takes a photograph using an 
optical microscope, and means the value which measured and averaged the path 
of the longest part of the particle observed in the photograph. 
[0053] This application the 2nd invention is in the phase which compresses raw 
material powder by pressure 300-1 200MPa, and the condition pressurized by 
said pressure. The phase which carries out a temperature rise to the retention 
temperature of 550-800 degrees C by 25 degrees C to the programming rate of 
5-40 degrees C / min, It is the manufacture approach of a bulk exchange spring 
magnet given in any 1 term of claims 1-7 which carries out 0.01-10min 
maintenance with said retention temperature, and includes the phase of making 
said raw material powder sintering. 

[0054] Although especially the temperature of the phase which compresses raw 



material powder is not restricted, it is desirable to compress under the 
temperature of work environment from the ease of an activity and a viewpoint of 
cost. Moreover, in order to prevent raw material powder deteriorating by 
oxidation as work environment, it is desirable to consider environments, such as 
humidity. 

[0055] It is effective to heat under compression the powder with which the mold 
was filled up as an eburnation process of the bulk-ized exchange spring magnet 
concerning this invention. In order to realize this, application of a hotpress, 
discharge plasma sintering, etc. is possible. Control of a programming rate is 
easy for it, and since especially discharge plasma sintering tends to realize an 
exact temperature profile, it is desirable. Moreover, there is no limit about mold 
material and it can use desired mold material suitably. In order to promote 
eburnation, to raise the magnet engine performance as process conditions in the 
case of the heat-treatment under compression and to obtain easily [ the 
theoretical density of raw material powder ] about 95% or more, 300 or more 
MPas of a compression pressure are desirable. Although eburnation is promoted 
by the increment in compressive force, if productivity is taken into consideration, 
it is suitable for a compression pressure that they are 1200 or less MPas. 
[0056] Moreover, 5-40 degrees C / min is suitable for a programming rate. It is 
possible to make the condensation section of the boron atom between raw 
material powder and an oxygen atom increase by considering as this range, 
consequently eburnation improves. Moreover, the temperature distribution in a 
sample can be made almost uniform, and a uniform bulk object is acquired. 
[0057] Furthermore, good magnetic properties can be acquired by making 
retention temperature and the holding time into the suitable range. 0.01 - 10 
minutes of retention temperature are suitable for 550-800 degrees C and the 
holding time as a result of examination with these detailed conditions. The grain 
growth of a hard phase and a software phase is controlled by considering as this 
range, improvement in a magnet properly is brought about, and the consistency 
of a sintered compact also improves. 



[0058] In addition, as for 500 - 1200MPa and a programming rate, as for 10-25 
degrees C / min, and retention temperature, it can be [ 650-700 degrees C and 
the holding time ] desirable respectively that it is 3 or less minutes, and a 
compression pressure can raise a magnet property further. 
[0059] When using a melt quenching method as an approach of producing raw 
material powder, the effect of the roll peripheral velocity in the case of quenching 
is large. At this time, when reservation of an amorphous content and productivity 
are taken into consideration, it is desirable that it is the quenching thin band 
produced by the roll peripheral velocity 10-60 m/sec. If a crystalline substance 
still more detailed the inside of amorphous is intermingled, improvement in a 
magnet property is remarkable, and in order to acquire this effectiveness, as for 
roll peripheral velocity, it is more desirable that it is 15 - 35 m/sec. 
[0060] As for the pressure of the phase which sinters raw material powder in it, it 
is desirable that it is 1x10-4-9.5Pa, and it is more desirable that it is 2x10-4-3Pa. 
By pressurizing in this range, eburnation is possible, without degrading a magnet 
property. That is, it suppresses that an oxygen atom is spread even inside 
magnet powder by the oxygen of an initial complement being supplied, and the 
eburnation of a bulk object and the crystal growth depressor effect between 
particles improving, and an oxygen atom being supplied only between raw 
material powder particles, oxidation of the magnet powder itself is controlled, and 
a magnet property improves. 

[0061] Although the above various suitable conditions existed, existence of the 
condensation section of the boron atom which exists between the particles of raw 
material powder, and an oxygen atom enabled it to raise a consistency to near 
the theoretical density of raw material powder, without spoiling the magnetic 
properties of an exchange spring magnet according to the process of low 
temperature and a short time compared with the conventional sintering process. 
[0062] This application the 3rd invention is the motor which comes to use the 
bulk exchange spring magnet of said publication, a field sensor, a rotation sensor, 
an acceleration sensor, or a torque sensor. With the exchange spring magnet 



used as the conventional bond magnet, since the bulk exchange spring magnet 
concerning this invention can realize the highly efficient magnet which was not 
obtained, when small lightweight-ization of a product can be promoted when this 
magnet is applied to a motor, a field sensor, a rotation sensor, an acceleration 
sensor, a torque sensor, etc., for example, it applies to the components for 
automobiles, improvement in fast fuel consumption of it is attained. 
[0063] As for especially the thickness of the exchange spring magnet concerning 
this invention, it is desirable for it not to be restricted and to adjust suitably 
according to an application. Moreover, also as for the configuration of an 
exchange spring magnet, adjusting suitably according to an application is 
desirable, and it is not restricted especially. 

[0064] On the other hand, since a rare earth magnet tends to oxidize, a 
protective coat can also be prepared in the front face of an exchange spring 
magnet. What is necessary is not to limit especially the configuration of a 
protective coat, to choose a suitable presentation according to a magnet property, 
and just to determine thickness that sufficient protective effect is acquired. As an 
example of a protective coat, a metal membrane, the inorganic compound film, 
and the organic compound film are mentioned. As a metal membrane, Ti, Ta, 
calcium, Mo, nickel, etc. are mentioned, as inorganic compound film, transition- 
metals oxide films, such as transition-metals nitride film, such as TiN, FeN, and 
CrN, and NiO, FeO, are mentioned, and the resin film which consists of an epoxy 
resin, phenol resin, polyurethane, polyester, etc. is mentioned as organic 
compound film. It is desirable to be referred to as about 0.01-10 micrometers 
when it constitutes a protective coat from a metal membrane or inorganic 
compound film, and when it constitutes a protective coat from an organic 
compound, as for the thickness of a protective coat, it is desirable that it is about 
3-10 micrometers. 

[0065] Various well-known techniques are applicable to processing of an 
exchange spring magnet suitably. That is, grinding (outside grinding, internal 
grinding, surface grinding, molding grinding), cutting (periphery cutting, inner 



circumference cutting), wrapping, beveling, etc. are processible. As processing 
tools, a diamond, a GC grindstone, an outside inner circumference cutting 
machine, an outside inner circumference grinding machine, a surface-grinding 
machine, NC engine lathe, a milling machine, a machining center, etc. can use. 
[0066] 

[Example] Hereafter, the concrete example of this invention is shown and this 
invention is further explained to a detail. 

[0067] <Example 1> drawing 1 shows the relative value of a magnet property 
(maximum energy product) to change of x and y of the bulk magnet obtained on 
the following manufacture conditions in the NdxFe100-x-yBy presentation. 

- presentation: NdxFe100-x-yBy and raw material powder production condition: 

- a melt quenching method - roll peripheral-velocity =20 m/sec and raw material 
powder particle-size: - 100 micrometer and sintering condition: - welding- 
pressure = - 800 MPa At the time of the programming rate of 20 degrees C / min, 
the retention temperature of 675 degrees C, holding-time 5min, and baking, so 
that clearly from ambient pressure force =2.6x1 0-4Pa drawing 1 A magnetic 
maximum energy product improves in x=4-11 and y=3-8, and when it is x=7.5- 
10.5 and y=5.5-7.5, it turns out that effectiveness is remarkable. Moreover, also 

in what permuted the part by Pr or Dy, the thing which permuted a part of Fe by 
Co, and the thing which added the element little as a part of Fe or Co (one or 
more kinds of elements chosen from the group which consists of V, Nb, Cr, Cu, 
Zn, and Ti are 0.4 - 5.0 atom % extent), improvement in a magnet property was 
checked in the same presentation range. 

[0068] <Example 2> drawing 2 is an example thing about relation with magnetic 
properties as compared with the interior of raw material powder in B 
concentration and O concentration between the raw material particles of the bulk 
magnet obtained on various production conditions about the bulk magnet of 
NdxFe100-x-yBy, x=4-1 1 , and y= 3 to 8 presentation. Improvement in a magnet 
property (maximum energy product) was accepted to be clear from drawing for 
each ratio of concentration of B atom and O atom to the case of 1 .2 or more. 



[0069] <Example 3> drawing 3 is an example thing about the relation of the 
thickness of a part and magnetic properties which B atom and O atom between 
the raw material particles of the bulk magnet obtained on various production 
conditions condensed about the bulk magnet of NdxFe100-x-yBy, x=4-11, and y= 

3 to 8 presentation. In 65nm or more, the magnet property (maximum energy 
product) of thickness of the condensation section of B and O atom was improving 
so that clearly from drawing. 

[0070] <Example 4> drawing 4 shows the relation between raw material powder 
particle size and a magnet property (maximum energy product) about the bulk 
magnet of Nd9Dy1Fe77Co5Nb2B6 presentation. The production conditions of a 
bulk magnet are the following. 

- presentation: Nd9Dy1 Fe77Co5Nb2BB and raw material powder production 
condition: the magnet property improved in the raw material powder particle 
size of 20-500 micrometers, and when it was 80-200 micrometers, the magnet 
property improved more, so that a melt quenching method, roll peripheral-velocity 
=30 m/sec and sintering condition:welding-pressure =1000MPa and the 
programming rate of 24 degrees C / min, the retention temperature of 650 
degrees C, holding-time 3min, and ambient pressure force =2.6x1 0-4Pa drawing 

4 might show. 

[0071] <Example 5> drawing 5 shows the welding pressure at the time of 
sintering, and the relation of a magnet property (maximum energy product) about 
the bulk magnet of five BNd7Dy1Fe74Co5Cr8 presentation. The production 
conditions of a bulk magnet are the following. 

- presentation: -- Nd7Dy1 Fe74Co5Cr5B8 and raw material powder production 
condition: - the magnet property improved in welding-pressure 300-1 200MPa, 
and when it was 500-1 200MPa, the magnet property improved more, so that a 
melt quenching method, roll peripheral-velocity =15 m/sec and the sintering 
condition:programming rate of 30 degrees C / min, the retention temperature of 
675 degrees C, holding-time 5min, and ambient pressure force =2.6x1 0-4Pa 
drawing 5 might show. 



[0072] <Example 6> drawing 6 shows the programming rate at the time of 
sintering, and the relation of a magnet property (maximum energy product) about 
the bulk magnet of a Nd4Tb1Fe81Co7Cu3 B4 presentation. The production 
conditions of a bulk magnet are the following. 

- presentation: Nd4Tb1Fe81Co7Cu3 B4 and raw material powder production 
condition: ~ as shown in a melt quenching method, roll peripheral-velocity =50 
m/sec and sintering condition:welding-pressure =500MPa, the retention 
temperature of 640 degrees C, holding-time 8min, and an ambient pressure force 
=2.6x1 0-4Pa Fig., the magnet property of a programming rate improved in 5-40 
degrees C / min, and when it was 10-25 degrees C / min, the magnet property 
improved more. 

[0073] <Example 7> drawing 7 shows the retention temperature at the time of 
sintering, and the relation of a magnet property (maximum energy product) about 
the bulk magnet of a Nd10Fe75Co8V1 B6 presentation. The production 
conditions of a bulk magnet are the following. 

- presentation: - Nd10Fe75Co8V1 B6 and raw material powder production 
condition: - the magnet property of retention temperature improved in 550-800 
degrees C, and when it was 650-700 degrees C, it improved more, so that 22 
degrees C / min, holding-time Omin, and ambient pressure force =2.6x1 0-4Pa 
drawing 7 might show a melt quenching method, roll peripheral-velocity =15 
m/sec and sintering condition:welding-pressure =1000MPa, and a programming 
rate. 

[0074] <Example 8> drawing 8 shows the retention temperature at the time of 
sintering, and the relation of a magnet property (maximum energy product) about 
the bulk magnet of Nd8Dy1Fe75Co4V 2B7 presentation. The production 
conditions of a bulk magnet are the following. 

- presentation: - Nd8Dy1Fe75Co4V 2B7 and raw material powder production 
condition: - the magnet property of the holding time improved in 0 - 10min, and 
when it was 0 - 3min, it improved more, so that 10 degrees C / min, and retention 
temperature might understand a melt quenching method, roll peripheral-velocity 



=20 m/sec and sintering condition:welding-pressure =300MPa, and a 
programming rate from 700 degrees C and ambient pressure force =2.6x1 0-4Pa 
drawing 8 . 

[0075] <Example 9> drawing 9 shows the retention temperature at the time of 
sintering, and the relation of a magnet property (maximum energy product) about 
the bulk magnet of Nd8Tb2Fe75Co5Nb2B8 presentation. The production 
conditions of a bulk magnet are the following. 

- presentation: Nd8Tb2Fe75Co5Nb2B3 and raw material powder production 
condition: - a melt quenching method and sintering condition: -- the magnet 
property of roll peripheral velocity improved in 10 - 60 m/sec, and when it was 15 

- 35 m/sec, it improved more, so that 25 degrees C / min, holding-time 2min, and 
retention temperature might understand welding-pressure =1000MPa and a 
programming rate from 680 degrees C and ambient pressure force =2.6x1 0-4Pa 
drawing 9 . 

[0076] <Example 10> drawing 10 shows the retention temperature at the time of 
sintering, and the relation of a magnet property (maximum energy product) about 
the bulk magnet of a IMd10Fe75Co8V1 B6 presentation. The production 
conditions of a bulk magnet are the following. 

- presentation: - Nd8Tb2Fe75Co5Nb2B3 and raw material powder production 
condition: -- in 1x1 0-4-9. 5Pa, the magnet property of ambient pressure force at 
the time of sintering improved, and when it was 2x10-4-3Pa, it improved more, so 
that 20 degrees C / min, holding-time Omin, and retention temperature might 
understand a melt quenching method, roll peripheral-velocity =20 m/sec and 
sintering condition:welding-pressure =1000MPa, and a programming rate from 
650-degree-C drawing 10 . 

[0077] <Example 1 1 > drawing 1 1 is the example which applied the bulk magnet 
to the motor for a drive of an electric vehicle or a hybrid electric vehicle. When 
comparative experiments with the motor using the conventional bond magnet 
were conducted, the maximum torque increased by 1.4 times. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] In a NdxFe100-x-yBy presentation, it is drawing showing the relative 
value of the magnet engine performance to change of x and y of the bulk magnet 
obtained on the following manufacture conditions. 
[Drawing 2] It is drawing showing relation with magnetic properties for B 
concentration and O concentration between the raw material particles of a bulk 
magnet as compared with the interior of raw material powder about the bulk 
magnet of NdxFe100-x-yBy, x=4-11, and y= 3 to 8 presentation. 
[Drawing 3] It is drawing showing the relation between the thickness of the 
quantity B between the raw material particles of a bulk magnet, and O 
concentration section, and magnetic properties about the bulk magnet of 
NdxFel 00-x-yBy, x=4-1 1 , and y= 3 to 8 presentation. 
[Drawing 4] It is drawing showing the relation between raw material powder 
particle size and a magnet property about the bulk magnet of 
Nd9Dy1Fe77Co5Nb2B6 presentation. 

[Drawing 5] It is drawing showing the welding pressure at the time of sintering, 
and the relation of a magnet property about the bulk magnet of five 
BNd7Dy1 Fe74Co5Cr8 presentation. 



[Drawing 6] It is drawing showing the programming rate at the time of sintering, 
and the relation of a magnet property about the bulk magnet of a 
Nd4Tb1 Fe81 Co7Cu3 B4 presentation. 

[Drawing 7] It is drawing showing the retention temperature at the time of 
sintering, and the relation of a magnet property about the bulk magnet of a 
Nd10Fe75Co8V1 B6 presentation. 

[Drawing 8] It is drawing showing the retention temperature at the time of 
sintering, and the relation of a magnet property about the bulk magnet of 
Nd8Dy1 Fe75Co4V 2B7 presentation. 

[Drawing 9] It is drawing showing the retention temperature at the time of 
sintering, and the relation of a magnet property about the bulk magnet of 
Nd8Tb2Fe75Co5Nb2B8 presentation. 

[Drawing 10] It is drawing showing the retention temperature at the time of 
sintering, and the relation of a magnet property about the bulk magnet of a 
Nd10Fe75Co8V1 B6 presentation. 

[Drawing 1 1] It is drawing showing the example which applied the bulk magnet to 
the motor for a drive of an electric vehicle or a hybrid electric vehicle. 
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jde l £ we . 2 5 tc*» 6 #?aag i o - 2 5 *c/m 

i nT'6 5 0-7 0 0^»»^*T-jBflLb#3-£4 
SKi: . BUlBftSS^T'O. 0 l-3m i nftftU f? 
EKroffi*£«E*&t4gtfBi: fc#tf. If $« 1 -7 

i awEawou^sanxr y vrwsnmwi 

[0024] ffc&fl l o fclE8W>»$Hi, fflEflffftt* 
(i. D-/HBME1 0-6 0m/s ecTfl^Lfcltf* 
»m*&4 Z b *^fc**l**ffl8*fctt9fcIEM*> 

[00 25] fftgig l l fcE**>#»i, mteJI^* 
{4. 1 5-3 5m/s e CCfHRLfc*fr 

aerc* zzbwmb-fh mm s t mt 9 aeroa 
[0026] it 1 2 ^feao^HBii, friaiiw* 

£«EtStS8K0E;JjfcL lxi0" 4 -9. 5PaT'& 

hzb mmbi-mms^ 1 1 ww^ug^ta 

[00 27] If $11 1 3 CIBa<0»Wi. DWQDSmW* 
fcOMS-f 48Bt^E*li. 2 x 1 o-"-3 P atfti; 

b ^mbtmms- 1 1 <^-ma> 1 ghetto 

[00283 »$jb 1 4 tcenowflM:, mm 1-7 
owrfia* 1 *tiett^^^sau7 , y y?WGzm 
we***-*. WR*y+r. m^yv. tmm-ty 
ttdtvivt-tyy-X'bb. 

[00 29] 



a. mmizKnxozm&mz. 
[0030] mm 1 ^zws0¥tmzh-iX\t. mm 
Mmzt^maxx/mmifimmLtzmm-ti.zb^zi. 
*). imximtffr$x'tfmm&b%*). tsaia<offl* 
wtnmth z b tfx-% 4 . wmmnmk 
®mz&v<)i>?imz7vyfWEiz&^x$w%m 
m& (ft*x*yp4fH!p«) zmzttizbrnffib 

[003 1 ] i»J^2fcJ:tf 3(ci2*<03^fc*->T 
BUR*** 4 * v^^-C»KS*i & fcttfctttt 

[0032] mm4 iziffivmtfoixii.. 

JLUs. aMtw^f&mxyyyywsznhZb 

tfX'*Z>. 

[00333 mm5 izfflwffflnzbixte. wmc 
tit. 

[0034] 11$^ 6 *J «tV 7 fclE«<0SBB|!fc:ft o T 
[0035] H««8*Jiy9Kffi«<0fWBfc*-3-C 

(i, ffl*ai~7<^a**w*-'^2ia«xryy^ 

[00363 I«$JS 1 0fc,J:y 1 1 KE»^»!BtC*o 

w^aanxry ymzzm z t 4 . 

[0037] !I$JI 1 2H£V\ 3 (CEtt0X01£&o 

Tti, mmwmttfmtezixxwrftnmMtRV 

itemfthZbWX't. «5«ftt*»|^Lht4. 
[0038] H««14fclE«^?fflBfc:i5oTtt. 11$ 

jg 1 - 7<osfttR**f4K;^s«ur y yywsm 
m itz&smzm z t vx-t 4 . 

[0039] 

xpmtzwmti. 

[0040] *iicom 1 <rmm. wmmmwmtL 
xkc o , mm.mtztit:mm*e>®. : ¥-mz*'}mm 

4^?£Bt*7*y y^ffi5T'J>4. 
[0041 ] JBH»*tt. Bfa<07aR**tfr*;l'7 r 

x^iav^igTi#4>rt*>mL<, 
^mm^mrnmm-th zbtfx-zz. z<n*> 
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[ 0 0 4 2 ] =5rfe, *jhbc*jv^t, r a#(b fcliJo 
[004 3] mMcftUmt LTli, 7^7 rXtCjS 

»*>£8U7* 'J v ?TK5£i8t-f S - k & . -rsr 

mii-mtzmtmGmmftoz tiz**). 

[ 0 0 4 4 J ftfc. Mi^fctf^K^^&^-f 

»»]■*- s swi^wawt: ifi]±-r^ . ; *ui b - 

[0045] ■^SiifclM^WFIS^IMiK 
Mis#, ztit>lzmfeZix&l>e>X'li%\\ IfrL* 

[ 0 0 4 6 ] a- Kfflli, ±a L/c J: a tCJ5««^<0« 

Z t *»WC* 0 , Jlflefflfc LTUtf 7 h U »7A*-£tf 
#±ffl7t* (7>^y, -feU^A. 7*9 ■fesTS'A. *tf 
y'A, -tV'J^A, i^nt^A. tfK'J-^A, 

fiS. 



[0047] V 7 bfflti. _hi* Ufc J: 3 (cfffl{ft&«*> 

A> h fc*tf*Wf Ml. J: 0 A*WKtt, a-Fe 
ffi, a-Feffl^-^#:m>K -fyh'J«> 
A*£W&±»^fc£t1BJt§*lfcfctf> ( F e -B<fc 

[0048] «8WtcttA- Hffi k y 7 hffl 
fcteliA- Kffl. y 7 MSi: t tzm^mWtt.$:&t& 

Wfett. A-h'ffl43«kVy7Mg^o^affli:t 
[0049] BCtm^iAi: LTtt. a- h'fflt y 7 

%. Sg|5* 5 S^Ji-C«$iil)^ (BfrWfclis m 

d» F e i o „. „ B y X*t> ->X , x = 4 
-IK y = 3~8T'fcSi§£) fc, A-H«fcV7b 

fttK. Nd**7. 5~10. 5M^%. B**5. 5 

~7. 5ht%t*s^ e^m«j£ 

^Nd,Fe 10 o-i-yB y T*>oT, x = 7. 5-1 
0. 5. y = 5. 5-7. 5 *U 0»4 L 
v\ 5rfc. Ndtc-?v>rtt-»*Pri3j:tf/*fcttD 
yT'K^LT t<J;< . jS^RJiF e ZS&ftt-fhtf 

m®&Rv>-mt LX'jrsLnjcmimttt 
ztmtiw mKWtoTimwmu&b ixu. 

V N Nb. Cr, Cu, Zn, fiitfT i 3&»6*4»J: 
VmRZtll 1 S^W±^7C«2r 0 . 4-5. 0H^% 

[0050] *w»^^saur»j vymste, >< 

ttwajte* »t e ^mm^mmzm-i &mtzti 
flE/e^swa) #i. 2W±t\ ffiaaswbs^ 
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[ 0 0 5 1 ] m!MLZ1lMKMWWmiZ& 

vmuz+ti i. vmm^^m i tz&mmz #mm 

u>. zcommt -tizt Twmittmmztixtimm 
cow&mm$\±L. lot, fflmzmffimm 

[00 52] wmmnmm, w®itm%t%hft 
g^m^z i tmz iw -wctf>*4&a<2 o u m 
^5oojum<7)f7}^imthzti}mtii\z com 
Mkt&zt xmrnmommm** m\ ixmitco 
smzmz^wfimtzfttz^zz ttfvz. ttz 
mmmmifatz^xmmf&ww? MEzmziX'Z 
h . s ^mmti&mwzsbiztt, afi*>'8 0-20 
o jummtt&mt&zkmti^K 
iz&^xmm&kiz. mmmzm^x^Mm 

[0 0 5 3 3 *WB2<0«^li, JK81»*£E7J 300 
- 1 2 0 0 M P a -CffiSil-l-Mt , miKJlXME I 
fcW&X\ 2 5°C*>4.#aaa[jS5~4 0°C/mi nT5 
5 0-8 0 0rtf5fiy«l«4 TMll^SgB!: , 

fTEfii*sawrro . oi-iomin§§i. mieum 

1 MI/Zfgffico^tWgMXTy >7W6<?>Wk}}W;X' 

$)%><, 

[0054] mmmzmt&m<oi&mmizmt> 
mmmt txa. mm^mmmzx*)^trizt * 

[00 55] *%.Wlzi%z;-<ji'<7itZtitiimz7'V y 

mmx-bz. mz. m.r^x-?jmimmmi<om 
w-m%xfo o , jEst&mmra yr^tizmm t*t 
we#*u\ ttz, mmzmixnmmi&Kmm 

$ * . jHpn^coattffso 9 5 %mm&±z®% izn 

EffiE^tt3 0 0MPa£Lb#$f4U\ E 
•t&kKmEJ]H12 0 0NlPaii;JTX'b&ZbWm% 

x-hh. 

[00 56] &fz. #frS3g{25-4 0°C/m i ntfjl 



[ 0 0 5 7 ] 5 G>fc. «i#ffls&^«m^*a^t6 
Hfc"f 5 i t TMMr«»Bttt#4 1 1 tfX*Z h . £ 
tife<0ftttl4»»Br«llt«»». §IW 5 5 0-8 
0 0*C. ffiSB$^{i0. 0 1-1 0ftim®X-*>&. Z 
<Otgfflt-rS £ fcTVN- h'ffl t V 7 bS^JMSuSS* 1 

[0 0 58] fcts, E8IE7Jf25 0 0-l 2 0 0MP 
a, fliBjfcKJil 0-2 5'C/m i n, ft$&ft(i6 5 
0-7 0 0°C, ftftMi 3 #WTT'J> hZbtf^iX-f? 
tWiK. W5®mZhiz®_tZM$>zktfX'Z 
6. 

[0059] «m**ft«-r6*«fei: UMM 

tt*#*fSi:n-^5SLKl 0-6 0m/sectf^ 
7 r X* fc jSWIKrttftir^aWEt * fc BP5»tt<0Hd±*« 

- 3 5 m/ s e c TS> h Z. t tf X 0 I V \ 
[0060] «t<o4»-r, lR«»**«»S^*B»B«0ff* 

(ilxi0" 4 -9. 5PaX'h&Zkt>WtK. 2x 
10-*-3Pa-C*4ii:*«J:0#4U\ ^OKHT' 

t x-rnGfj^ftrnz % x-mmm=FtfmL ttznm 

i, Bffi»*a#w»ft*»IWLTBffi«*tt*«i*l±-*- 
[0061 ] BLh^) i o ^a^waWS^fefr^JflPftt'* 

KXffiBLfr-oM&iffioytftz fc <t o t , ^mxr y 

[0062] *BW3<0»^li. KWBIBttO^l'^Sa* 

xryyywfczm^xtch^—?. wxvtw* me 
mtcWEtfwsx'* hiz#>. z corns* ^ . 

[0063] *w«tefli*2flaix7 , y 
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i>. mmzmixmmmthzkmtKs mzm 

[0064]-*, #±$CMiIHt$ftW^-c\ 

#6. fiW^>«Jtt*WffclReS*i*«>» , CI44<. SB 
W«t KB fcT#*fcH**»R t . 

hiX&.&ffl&k LTte. Ti. Ta, Ca, Mo s N 
ifW^, *9Wfc*««i: l/Ctt. TiN, Fe 
N . C r N^g^JSg-ffcW!^ NiO, FeOf 

x^HWI, 7xy-« tfLOl^y. #yx 
0. 0 1-1 0/mgjKfc'*-$«:i:jMaF*L<, 

[00 65] y/ffi^Snitcti. 
mte&samx'th. ?%b*>. mm warawh rt 

BfflL ftrt/WPHIML ¥Sn9ffi'J$L NCMtt. 77^ 
«, vy-y^y^ fc* > 6 i i: #T'# 6 . 
[0066] 

[SBtfl] BIT. W^oftfWWtttWe*U» *m 

[0 0 67] <»fi^ljl>0m, Nd,Fe„ 0 -,-,B 

• fflfiic : N d x Pe^j.^yB, 

• jmvm&ktt ■ o-/i/ffljaa= 2 o 

m/ sec 

1 OOjum 

• SaS^fr : JPE^l = 800MPa, #?fljf J£2 0 'C/ 
m i n . ft&Sft 6 7 5°C , «miS5 m i n s Mm 
#HSU±7J=2. 6xiO-«Pa 
mifrWnbfrZ&OlZ, x = 4— 1 1 , y = 3~8(C 
fcv>TK5^S*x^^-^[ti±L» x = 7. 5- 
10. 5. y=5. 5-7. 5 6 fc £ tSfc** *«S? 
HZ-ktMrfrh. £tz. -SSrPrXttDyCSHftLfc 

FeO-g|52:CoT'a^U^iC0. FeifcliC 
o«-*tUT^Ji<07C«*aan (V. Nb. Cr. C 

u,zn, tsxi/T ifrbz&mzmviztiz in 



[0068] <S«tW2>H2liL N d„ F e 100 -„- y B 
ys x = 4-l 1, y = 3-8fflfig;WSV^TOcraL 

<0B«SkOiM6*K««*rt*i:ttl![Lr, ttfttttt 

[0069] <£itW3>H3ML Nd.Fen,.,.^ 
„ x = 4-l 1. y = 3~8fflj£<0^*TJffitcWL 

<7)Wffi*jj*Lt>0)T*4. 0*^BJ4»*^J:dtBfcO 

[00 7 0] <WtM4>H4Ji. Nd 9 Dy,Fe 77 C 

o 5 Nb z B 6 ««A';^i5ciu , mm*t&® 

kWE¥Ht (ft*x*jMf-») comm^UzijCDX' 
Nd 9 Dy,Fe 77 Co 5 Nb 2 B 6 

■ mmimtkft : shmmhs, n-^aaa= 3 0 

m/s e c 

• ffl&tktt- : Ml7J = 1 0 0 0 M P a . #jB3LK2 4'C 
/m i n s ft&jB£6 5 0*C. ^SB$[i3m i n, #ffl 
§\JEE71 = 2. 6xiO-'Pa 
®4frt>ftfr££olZ, JS^»*mS2 0-5 0 0//m 
tJD^Ta5#t4^'(6]±U, 8 0~2 0 0jum"C*4k 

[007 1 ] <^lifil5lj5>05(i. Nd 7 Dy,Fe 74 C 
o 5 C r 6 B 8 »RW0^aP5tRILT. M^B#OiDff 
^k«P5#tt (©*x*/MMf ) <0RH»*iSUfctW 

• fflfig: Nd 7 DyiFe 74 Co 5 Cr 5 B 8 

■ KfifS^ffRftfl 1 : IMi^s o-/^jlEJK= 1 5 
m/s e c 

• : #ffljSJK 3 0°C/m i n . «f$ffiJ&6 7 5 
«^B#S5mi n. SfflmE7J=2. 6xl0" 4 P 

a 

05*^^* l 6J:o{c;. tnE7J3 0 0-1 2 0 0MP a 
£fct ^liWlili 500-1200MPat' 

[0072] <HSfiW6>H6«i s Nd4Tb!Fe 81 C 

o 7 cu 3 B4fflfiRtfv^«5fc:nL-c. imm<r)m& 

«0T*4. A;p^affi<0f3KH ! MiTiE'C*4. 
•fflfiit: Nd 4 Tb 1 Fe 81 Co 7 Cu 3 B 4 

■ «««*fw!*ft : m#mm. v-mm&= 5 0 

m/s e c 

•«IS*fr :MEfl=5 0 0MPa, ft^SS64 0 
'C, «^B#fS8mi n, #Hm£E^3=2. 6xl0"«P 
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WPbtofr&X fffflaLKj&<5~4 0°C/m i n(C 
*5 ^X HPBfttttffoi t , 1 0 ~ 2 5 'C/m i n X'h h 

[0073] <Hi£0lj7>H7li, Nd 10 Fe 76 Co 8 

: Nd 10 Fe 75 Co 8 V 1 B 6 

• : «f*a&& n-;^jlJg= 1 5 

m/ sec 

• Mi&S&ft : JPE^) =1 000MPa, ^ffliBKA* 2 2 
'C/m i n . fitfWaJO rn i n . #H5UR) = 2 . 6 X 
lO-'Pa 

0 7 cfc 5 . ftftfflJS* 1 5 5 0 ~ 8 0 o °az 

fcVvcaEfttttflfiLhU 6 5 0~7 0 0'CC'&l>k 

[0 0 74] <HJft0"J8>08{i. Nd 8 Dy,Fe 75 C 
o 4 V 2 B 7 «w^;K(;iLt > 

• &j£ : Nd 8 Dy, Fe 78 C o 4 V 2 B 7 

• Httffi*ft«!*ft : ffif*&?*&. n-;Hffl[= 2 0 
m/s e c 

• : SuE^I = 300MPa > #iSJ£J£A< 1 O'C 
/mi n, «M*ffl«*<7 0 0X:, #HmE^=2. 6x 
10-<Pa 

H8*>4>#*»4 <k «fir«H(40~l Om i ntfc 
[00 75] <mmM9>m9lZ. Nd 8 Tb 2 Fe 75 C 

• : N d 8 Tb 2 Fe 75 C o 5 N b 2 B 8 

■ fi»S*tt : flnE#= lOOOMPa. #HBaUfc&<2 5 
'C/m i n. ftftl*H3l2in i n, ffif#Sffi#6 8 0°C, 
£H$W£fi=2. 6X10"«Pa 
0 9frL>Wi>& X o-;HMIilO~6 0m/ 
secCfc^tmiML 1 5~3 5m/se 
cT*6fc*. J: DlftLtLfc. 

[00 76] <mm\l 0>H1 OJi. Nd 10 Fe 75 C 

o 8 v, B e ajR^v^^aEfcWLT. ^wr<o«fifa 

•IM: Nd 8 Tb 2 Fe 76 Co 6 Nb 2 B 8 



m/s e c 

• mm : JDE^I= 1 0 0 0 M P a , #&TO>*2 0 
°C/m i n , Uft&fWi Omin, «f#&£# 6 5 0°C 

0-4-9. 5PaCfcU-CS5#ftAmL, 2x10 
- 4 ~3PaT'&l>k£, JDrtLhU:. 
[0077] <^l!ifeplj 1 1 >0 1 1 f±, 

^JtiemSrff^fcki*. 4 flic* 

[Hi] Nd,Fe l00 . I .,B,»afc:tjv^, \XT<n> 

[02] Nd,Pe 100 . I .,B,. x=4-lU y = 

[03] Nd 1 Fe 100 -i-,B yx x = 4 — 1 1. y = 
^ia<0»Ba^OjBKa^JP3 k«a«fttk ^Hffi** 
[04] Nd 3 Dy 1 Fe 7 ,Co 5 Nb 2 B 6 «W\'/P 

[05] Nd 7 D yi Fe 74 Co 6 Cr 6 B 8 M(0^ 

-mx'ht. 

[06] Nd 4 Tb l Fe 8 ,Co 7 Cu 3 B 4 ffl{KoK;l' 

[07] Ndi 0 Fe 76 Co e V,B 6 fi(R«9A*/I^HF5 
[08] Nd 8 Dy,Fe 76 Co,V ! B 7 M^W 

trnx-bz. 

[09] Nd 8 Tb ! Fe 75 Co 5 Nb 2 B8«W\> 
9 WBlzm LX . flltSi^>ft}$aJKk «E»tttfffiffi * 

^■T0-cj>i). 

[010] Nd 10 Fe 75 Co 8 V 1 B 6 fflfi)<;c7)yN>^® 
0T"J)l.. 

[0113 ^*;U^«5*«SiaiWXJ*'N-f 7V v H 
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(51)Int.C1.7 

C 2 2 C 38/00 

G 0 1 L 3/10 
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15/105 G0 1R 33/038 

GO 1 R 33/038 H 0 1 F 41/02 G 

HO IF 1/053 GO IP 15/08 C 

41/02 H 0 1 F 1/04 H 

(72)%W% ftffl rOB F?-Mm) 2G017AA01AD21 

n%)\\mmTfin%)m%w[2mi b& won aao4 bao6 bbi2 bbb edoi 

g F*I 4K018 AA27 BA18 BB04 DA22 KA45 

(72)fgi#f tiH 5E040 AA04 M19 BD01 CA01 HB03 

»^;H*^rtJtt^JI|KSBr2#m B&. HB05 NNOl NN06 NN17 NN18 

£mmVm<kl±ft 5E062 CD04 CE04 CG01 



